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Robot definition

A robot is an autonomous system 
which exists in the physical world, 

can sense its environment, 
and can act on it to achieve some goals

Maja J Mataric, The RoboticsPrimer, The MIT Press, 2007



²ƘŀǘΩǎin a robot?
Robot components

Maja J Mataric, The RoboticsPrimer, The MIT Press, 2007



Effectors Robot arms

Mobile robots



Robot mechanicsand kinematics

Å Introductionto robot mechanics
Å Definition of degreeof freedom(DOF)
Å Definition of robot manipulator
Å Joint types
Å Manipulatortypes

Å Definitionsof joint spaceand Cartesianspace
Å Robot position in joint space
Å Robot position in Cartesianspace
Å Definition of workspace

Å Direct and inverse kinematics
Å Kinematicstransformations
Å Conceptof kinematicredundancy
Å Recallof transformationmatrices

Å Denavit-Hartenbergrepresentation
Å Algorithm
Å Examples

References: Bajd, Mihelj, Lenarcic, Stanovnik, Munih, Robotics, Springer, 2010: Chapters 1-2



Degreeof Freedom(DOF)

1 DOF
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Degrees of Freedom (DOFs)

ÅCONTROLLABLE DOFs: 
an actuator for every DOF

ÅUNCONTROLLABLE DOFs: 
DOFs that are not 
controllable.

[x, y, J]

[x, y, z, roll, pitch, yaw]



Degrees of Freedom (DOFs)

Å HOLONOMIC: CDOF = TDOF 
When the total number of controllable DOF is equal to the total number 
of DOF on a robot (or actuator), the ratio is 1, and the robot is said to be 
holonomic. A holonomic robot or actuator can control all of its DOF.

Å NONHOLONOMIC: CDOF < TDOF 
When the number of controllable DOF is smaller than the total number 
of DOF, the ratio is less than 1, and the robot is said to be nonholonomic. 
A nonholonomicrobot or actuator has more DOF than it can control.



Degreesof Freedom(DOFs) of a rigid body

Asingle mass particle has three degrees of freedom, described by three rectangular displacements along a line called 
translations (T). 
We add another mass particle to the first one in such a way that there is constant distance between them. The second 
particle is restricted to move on the surface of a sphere surrounding the first particle.
Its position on the sphere can be described by two circles reminding us of meridians and latitudes on a globe. The 
displacement along a circular line is called rotation (R). 
The third mass particle is added in such a way that the distances with respect to the first two particles are kept constant. In 
this way the third particle may move along a circle, a kind of equator, around the axis determined by the first two particles. 
A rigid body therefore has six degrees of freedom: three translations and three rotations. The first three degrees of freedom
describe the position of the body, while the other three degrees of freedom determine its orientation.
The term pose is used to include both position and orientation.



Degrees of Freedom (DOFs)

A degree of freedom (DOF) is any of the minimum 
number of coordinates required to completely specify 

the motion of a mechanical system. 

DOFs of a rigid body in 3D space: 
Å6 DOFs:
Å 3 TRANSLATIONAL DOF: x, y, z
Å 3 ROTATIONAL DOF: roll, pitch, yaw



Robot manipulator

Å Definition: open kinematic chain
Å Sequence of rigid segments, or 

links, 
connected through revolute or 
translational joints, actuated by a 
motor

Å One extremity is connected to a 
support base, the other one is 
free and equipped with a tool, 
named end effector



Joints and Degrees of Freedom (DOFs)

ÅJoint = set of two surfaces that can slide, keeping 
contact to one another

ÅCouple joint-link = robot degree of freedom (DOF)

ÅLink 0= support base and origin of the reference 
coordinate frame for robot motion



Robot manipulator

A robot manipulator consists of a 
robot arm, wrist, and gripper. 
The task of the robot 
manipulator is to place an object 
grasped by the gripper into an 
arbitrary pose. In this way also 
the industrial robot needs to 
have sixdegrees of
freedom. 

Chain of 3 links
2 adjacentlinksare connectedby 1 joint
Eachjoint gives1 DOF, either rotational
or translational

The segments of the robot arm are 
relatively long. The task of the 
robot arm is to provide the desired 
position of the robot end point. 
The segments of the robot wrist
are rather short. The task of the 
robot wrist is to enable the 
required orientation of the object 
grasped by the robot gripper.



Joint types

RotationalJoint TranslationalJoint
(revolute) (prismatic)

The relative 
position of 2 
links is
expressed by 
an angle q

The relative 
position of 2 links
is expressed by a 
distance d



Manipulator types

Fundamental categories:

Å Rotational (3 or more rotational joints) ςRRR 
(also named anthropomorphic)

Å Spherical (2 rotational joints and 1 translational joint) ςRRT 
Å SCARA (2 rotational joints and 1 translational joint) ςRRT

(with 3 parallel axes)
Å Cilindrical(1 rotational joint and 2 translational joints) ςRTT 
Å Cartesian (3 translational joints) ςTTT 



Anthropomorphic Spherical SCARA

Cilindrical Cartesian



Robot manipulator

PUMA 560



Joint space and Cartesian space

ÅJoint space (or configuration space) is the space in 
which the q vector of joint variables are defined. 
Its dimension is indicated with N 
(N = number of joints in the robot).

ÅCartesian space (or operational space) is the space in 
which the x = (p, F)T vector of the end-effector 
position is defined. 
Its dimension is indicated with M (M=6).



Robot position in joint space and in 
Cartesian space

Åq is the vector of the robot position in joint space.
It contains the joint variables, 
it has dimension N x 1, 
it is expressed in degrees.

Åx = (p, F)T is the vector of the robot position in  
Cartesian space. 
It contains:
Å p, vector of Cartesian coordinates of the end effector, 

which has dimension 3x1 (x,y,zcoordinates).
Å F, vector of orientation of the end effector, 

which has dimension 3x1 (roll, pitch, yaw angles).
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Robot manipulator

x = (p, F) = (x,y,z,roll,pitch,yaw)
Ex. (0.7m,0.1m,0.5m,10̄,-45̄ ,5 )̄


